WBtumrr or> 02) & ^ fft & ^ (a) uvmim&mm 

#j^200i- 185218 
(P2001-185218A) 
(43) £H B ¥j£l34f 7 jj 6 13 (2001. 7. 6) 



(5ointa 7 www fi *-n-n##) 

H0 1M 10/40 H0 1M 10/40 Z 5H0 2 9 



&3EH# % !iWfcSI©Sc3 OL (£9 H) 



(21)tHH#^ 


!&K2000-310596( P2000 -310596) 


(71)tHKA 


000003263 










(22) BUS B 


y-mnmoM ii b (2000. 10. id 




ftAtWBIOTnltfoJMKW 8 HIS 






(72)8W# 




(31)«$fcffcfe«#^ 


ftlPFl 1-290300 






(32)®ftB 


¥-mi¥lO% 12 B (1999. 10. 12) 






(33)«5fett£SS 


B* (JP) 


(7?)fgW# 
























(74)ftSA 


100080791 



















(54) [^©^ft] U5^a^*;<o&s?Hi 



(57) imm 

[J*ife¥K] ESSHMtkLT. *C7S2 0/(Jt 
*H«x¥*&e&) S 9 D £i»fc-tL i - CoM^I 

flBTFTl Ctt«£ffoT»£>;h.S»«l8l« (fltW : W. 

wg%m c%) , mm ■■ wtw± m ) ass/Mt^* 




* 

!( 2) 001-185218 (P2001-185218A) 



umm i ] mw2 oximmrx i cftm£ff& 

ofcfc|^ft^S£10 0%fc^ft1|S8a¥» fBflft 

^jfcsaEE-c* h imMm.-h ->x, -20 -cco^^t 
jje- 2 oiccoansTcoft*t i ua 

2 0 4 CcOS«TT'Oftmfccfc &8«B*tf)6 OXBLhT 

[ n$g 2 ] mm 2 0 icoawrrc 1 c ims 
itztzcommmmz 1 00% ttz>&.m®&m. mm 
imxxsrch h ft*fl*rc& t , - 2 0 -cnm&T 

Hid5rifiI(crat:ffi/hfif:afcWli: tot* 0 , 

ffi'httttt^fifcOMtiO. 1 VJ31T, &>hW.tWM& 

JJE- 2 0*C^8WIT-C<0tt«t i iftfESS* 1 . JJE 

->tzt *cr>immm.i 1 o o%fc-t£ftmi¥, ibm 
AtitEt*iiitt«T'*ot s - 2 o*c*>swrr 

T'l CftllfcfffcoTftfcft.fci^a*, 
fi/JHikJBZO&fcek^ifeliO. 1VIUT\ ffi/WI£ 

&®gfi$O%<0t^<7)i(tiai6Efc<!0ll«0. 3VUT 

jje- 2 o°c<7)^i*TT'^mtc i sftmsaa*. jje 

2 OWS^TT'OftWcJ: &ftmi:<06 0%U±T' 
[0001] 
[0002] 

[0003] -atfc y f"*M *yz<xiKfitt. m»vg 

v£W ts «fc tfft fli$S«rtt t b T U £*lT<. * 

I). 



[0004] ifc. yf-^A^yz&ma&t&^T 
wmit. oxjjaToaafitSTfciWA^fiS-cfts. 

[0005] 

[^BH^W^L«J:3t-rSgU13 LfrUflr**^ - 2 0 

<j^?ttt a ^x it . mn®mnm&xiMmEtfMMz 
$ c%] , tan : m,n& m > m.®mm 

0. 3 CV)~0. 5 CV]g£, &Hft2:ft1E&ft$ 
OXVtZnttMM&tcomtO. 5CVD-1. 0 

c v ) m& h o , ffl&tiim<»m&x'±% wtmiTWk. 
tx^h. 

[0006] *«Ofc*. *8£fc i oTttft^SBE#«» 
±.tifflX°%%<lXl£oZbtfbl. Sfcfc, c\m 

m±. ®mm%. mmm%. mmm^ 
k\.^t:mm&xi>&mzti&c-. ttfb&www&Ri 

[0007]-*, *«fctaa<oi^. jp»ffl^b-^ 

-OK 0 f+tt b » -y tz ttSfflTOK^ lc J: o T , 

SJK^-SlilTfc^r^^v^ a tc-rsc b i>mzxhi 
*\ n x y r y Tmiz-oKtf&tztb . mmx'ff) 

[0008] *^HJ3«^S(i:. ±ffi|S|SS:JBiftU ffiffi 
[0009] 

( i ) am** 2 o'c^awrrc 1 c^^ff^ofc t 
i o o%b-rtwMMsm. mmnm. 
msx-h i m.&%kTh ->x. -20 xktm^tx 1 c 

tmi'tt^X'&htlfzhcDtiK S/]vaSr*L4v^*T 
±IE2 0 e Cc0SifT-C'O»:«t t J:i»Kfl: 

§*<7)6 0 %&±x$> hzb zmmbth y f">^^ * 

[00 10] (2) ettt^' 2 0 XKm&TX' 1 csci; 

^fir^o^t#(7)K«^*^ 1 0 o%fc-r samt 

l8MI4 J fl«SE-C*>4aflSilll«-C*oT, -2 0°C 

nmtTX'ic&RZftK-oxnhtifzhntf. wmM 
smomnnfoimizm'mbmizfeb z^-tz t>o-c 

ft 0 , ffi/jNfit fe^tt b ffymt 0 . 1 vOTs tt/WIfc 
R»^M*0%<7)i: * OS««Ei:Oll(i0 . 3 V^TF 
i: ^roTfe 0 „ JJE- 2 CC^aWIT^ftHK J: 4ft 
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[ooii] o) ®mv2 0'cmmTX'ic%m, 

wm^mMSX'hhWL%mxh->x. -2o-c 
<m*kTxi cmmz'tt-oxfthntchw, mm® 

{40. l v OT s Si'IMI b MM^M.^ 0%<Dt% cr>WM 
n&tcrmtO. SVOTt^oTfcD, ±ie-2 0'C 

cDMi%TX'<7)tmiz£htm%mi)K tmoxwrnm 

[00 12] 

^ph tiKBfl-r i. . h i -a 3 « , 'j i?- 

Sll~3tiJV^flM*l4ft«8:j|*C%D , (KM 
tift*«ECv) Sr^LTV^. ftOTttSii, -20 
0 C^iltiTT'lC^«S:ffoT#^ft^tWS,l.„ fit 

ticoiscmsa* c%D H\ 2 o-coiwrrci c^ms- 

ff*->fci:#cott«StJtCmAhD £l00%tLXM 

^K«SMt-tftH'At\ Hl~H3S>«Wi. 
* 7 mE*^' V F IZ mfe § ftT V >|> . 

[ 0 0 1 3 ] 11 1 wflTtt. ;R*ffllH4g/Ht£*L& 

gft*Ottt6n#|6|fcJf t fcttl t LX h 

V*&. L*»U ffi*ffifcffi*ttfctf)ilAVl (40. 1 
Eh<DHAV2 {40. 3 CVHMTfc^oTiJO. « 

h^x i>mt mmizmMMcomx'mKmtfm. 
ix^h. Lfri.m>mkm-0Mkmkc>mAvi 

{40. 1 CVUjIT, SWfiWOm^W 
fffcffi/hffit«0HAV2J40. 3 (V) WTfc&oTfc 

[00 14] Z\<7)£diZ. ifWRW^^A^V-fc 

%mm^mz. ®ffi&mmizmmmnmcoM,m 
mmr* matt * . $ h wi 1 -0 3 ks-t «* 3 
c, - 2 oxwsswtto 1 cttxizx hum&m c m 
Ah) <4, 2 cc^swrr-cw 1 cmmzx immmM. 



C m A h ) co 6 0 JSJJLhfcfc -> T t$ 0 . SjKffiHKicti 
[ 0 0 1 5 ] Hl-3 tSttlWttttSrt^SMBoU 
*Si»fc¥^gfcO«anTE«>3K ( 1 ) £8f*rf L i 

t iZ X n X % h Z t X' * h . t5 V vc t> iES 

{4. JEffiSIMltcEafflwaWtH^^ >y-ZM£Z 

itxK&mWiffiimz. mmft±izmixm i t # 

7S C2 0/ (JtaififltxT^S) ) =£9 (SI ) 

[0016] *m\covf7&4 *>~<%Mmz&^ 
x. j&mvmizm^htihL i -co^a-^K^t 

L-T(4, LiCo0 2 Li ft Coj-n Me, 0 2 f 
*Sft6t«l«*»*L.<ffll^ftS. ^fcs f*#(C*3V^ 
T» A{40. 0 5-1. 5. ^fc(40. 1-1 . 1 ft 
&<r>ififttL\\ X(40. 01-0. 5.#lC{40. 0 

2- 0. 2 ftlC0imtL\\ Ttmmet LT«, Z 
r s V. Cr s Mo, Mn, Fe, Ni&<7)fflffl&m<0 

3- 10K7C«^ B,A1, Ge, Pb, Sn, Sb 
1 3 - 1 5 IfircXtfWf 6*1 S . 

[0017] *%HJ!» 'JfW^ ^->-z»s?ft&si^r 
htzih. WmSMLbbt L i — C o jfia^lMfc*i: L 
T14. 12^4 31:, Ib^ffiWfc^SfltoW*^ 

i5o^ ( i ) mn-tzfmmtfm^htih. zn^ 
20/ (itmmmxw-im®) <nmt. i^mx-h^tz 
*). 9£*)±%ub. mm. mzwmi,zmm-ri.m%m 
mmmt* tmmmmmmT^m^Lxit 

ofrbX'hh. 

1 0 0 1 8 ] Jt3M£ i W%Sg^(i{4. * 

fswo uf^A-f * yn»«fftc*5^T f4. ^tmm± 

10^m— 25um^ ^[Z\il A u.m—2 2 umffh 
«SL<, JtHffif»40. lm^/g-O. 3m^ 
/g. #(Ct40. 15m! /g-0. 2 5m2 /gfc^ 
6<0A«tf*U\ ift(4, ¥^SS* { 1 0/zm*)lT-S> 

tlhrnHfibhti^X-hh. &te25vm$:Ml&tm 

mm^KZ-ix. v*vj*4*>-d:mmv>&&. 

itz. imwmtfo. im« /smx-h^tzKi. o. 
3m2 /g^^^^fc, vi-v&jxy-immniffi. 
xm* ? )vm.*<&-Y%*th-frt>x'hh. 
[ o o 1 9 ] l i - c o m.%mm<mm>n<rwmL 

aiftWUL, 3 5kHz~4 0kHzg**>jg*» 
*ft*LT»2»IBBMft«ill^4 , fa. ^rfc. PJ^f*t 
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(X%m.tzm-2>i}ijJ%&<r>it) #7 0%-9 5%k 

%m ( Di . d 2 , d 3 • • ) , &irs&ffimv&& 
m. (Ni , n 2 , n 3 • • • ) z§tmth. 
[oo20]^*3,v-f?oh7-y mmmx-it. 

[002 1] T^fitS ( ^ m ) tt. JhETHMutffl'* 
coSi^fig ( D ) k#&g««9#4ffl» ( N ) kfr 
t». TW>& ( 2 ) lCT*a]$*l.S. 
¥^JSS Um) = (ZND3 /ZN) " 3 (5$2) 

1 0 0 2 2 ] L i -c oJkmi&mtrfflfflKr) 

99L mmm (jrcso mt. 1 9 9 5*0 ossi 7 sh 

k^&$vf§©»£ tzt'omz.btfmi. 
[0023] ±ia<7)^ ( 1 ) zmtztL 1 -c 

k&SUf-^Aft-^knA^Mb^kSr. 
kU^Ak^II71tA 5 'l : 1~0. 8 : 1 k&SJ:? 
fc££ L . *Offl-&ft^iOK 7 0 0 '0 1 2 0 0 'CO* 

$ ^zRfcix&%tzhcom&ixnt}mt u 

[0024] MOUmt LXii, ±M<r)®VtLX%hiX 

tzwrnzz^zmm-thiim. mm. w$m*4 

0 0*0-7 5 0"C. #tC(i4 5 0*07 0 0°CgJg<7)?S 
flTFTO. 5B$0-5OB$fgk Htlll B^fS— 2 01^13 

k LTii^SS^' 1 0^m-2 5jtzm^Hrtt:*»l> 

■f\,zVcMW^iW&^hZ tWX'Z&<r)X\ ±12^ 
( 1 ) ZffitztL i -C o»«£«Ml3ftSr8«fcft4£ 
kA { T"#&. 

[ o o 2 5 ] 4^ . zcD&#mc»mmi,$. t'cox o % 
nmsnTvLmztifi?** mm. *^#h^t 

a i k £ . ffl L . SHM+fc^&tf^tfS^tt & 
k , U f-^ a tf± tx^ffifonliG&.tftitkt h fe 

*ttifih&t:ib. WMtiWrtEtfl OmmHggglil 
[0026] HlfBBBkfcS V1-VJ*tt.&fot IXte. 



i&fc:JA>K ^kgHtn^K y\nyyft3A;i, 
iftfc^^tttfaflf Ml* . =5:fc, Li, Co 

Me, o 2 x'*%tihLi-co}m&mm*'m 

[0027] *w%w)f7M tyz.Kv.mmt 

Tmmt,zM£LXMmmzmn&t l, -t-f x^#v^ 
mmmmmit^tifziEimmM^i^zx o , iss 

ot . S«^fflco^*«EI^T<7)WI^HI» CI k **"C 

[0028] «6WTfflV^*LilEfiffl«»««fca4, 
XcO/Jn § v ^mW^^<7)]ivHc J: 0 

T\ r H-^«Wj kv^-5. ) k, fflik<r>-*H X<?»h 
Sulltf (£IT, kv^d. ) k<0ii 

« (jar. r m-^««ttj kv^„ ) k. mttt<^9- 

>f XO/hS v ( JTF. r j k v ^ 

[0029] H-«««ttk LTti. fi!*J; 0 'J 

a * y~<xmMX'&m ztix^h mm-i* m »&zt 
jB-^wwtftfcvvctt. msa, ^tfe B B is^coMra 

gg^l (d002 ) * { 0. 3 4nmJilT. clttri&IOtSflrF 
tS(Lc)fr'10n mJiLhtoa&Mt^S^* L < ffl 

[0030] tSJMS?<OSiaiigK ( d002 ) *J J: 

i/cmjjjfiicMik^-t^ (Lc ) e*^«ii«^)S 
t= J: o au&t s £ k s . aTfca*kw tKitt 

u i^m^WkMsa^fioiiis^sk^^y^ 

1011%) LTX«ffl|(iR^18-rS. icoXUffliS 

«*4, xisiMiwgB (a^mnaMR I NT 2 0 0 0 . 



XffiK : CuKal) <nW&mz#}- iZ^Mt h . & 
iz. X||f^/\OEnJD«E2r4 0kV > EpjpmgfiSr 5 0 
mAtcRjfcU JEfcjt«fl£20 = 2 3. 5g~2 
9. X*-vX*tf-K£0. 2 5Jg/mini:L 

T. K*<00 0 2t-^*Jj:l^»0*«<i01 1 1 tr— ^ 

V 7 hfcfflWC, ^ B B s t&^OffiHIEili ( d002 ) is XI/ 

cm\*wm&r*m ilc > 

[003 1] l&-?)$m*m.. jEflKSftttOfiff^tf) 

T, 2 0m* /gOT. «Hm' /g~l Om* /g 
[ 0 0 3 2 ] Srfc. V^»-0*«tfwSSfc 
OBrfflROfiS (JfcffiSfi) 1I<7)L i -Co 

msmmmizb mm^-?^ rah?-, ?mim 

[0033] LT i , ±iecO^-cO«« 

ttfcP&Kfc. A3t*>ti4^«<^a«aH ; nf^y • 7 

[0034] SSZtfflWttWU JEffiiHMfcOBtfoaiii 

Z<vXo%mtfi£l<%Z>. tot, ssz^gmtfk 

fc, Jfc*ffi«te*JVvC s 1 0 m* /gJSLL #£1 5m 
2 /glSLh<50t^Srfflv^co^»*Lv\ 
[ 0 0 3 5 ] *^T'^d^Zt7)S«^Sg 

s<oa?gfc, m-nmnttn^b mmtz, 7^nb 

5??fiUK#*rtt*^vCffl}£T&6. fit. Sffipl 
ju m*M t =5rS fc tt Ltd 

S^* 5 2 0 [1ULLAS J: 5 te**R£ t tttTBRft? 

mz. n-nz^tzm^mmm 
[0036] D5-<o»«tti3 ir^sszo»««<ojt*iii 
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[0037] m^mWtfb LT<2. £a&Sflttt£J!l 

v^it^-csft. jwwwui, fffl&m%b"i l zxm 
mttzmmm. *v7x-x%m$&ttfim%b'<nm 

fc<7m&iiz*-f\'Uzi>coT$>^Ti>&\ 

[0038] ss=<ow«w i . mznmvM bmmiz, 
[0039] ssE^ntttwr^^^ HJttJ iiflwta 

WSlSii. ag* { 1 // mJjlTOJBZoaMBf t SK(z. 
«ff(c«^'2 0*J2LtA* J; 9 fS^SrlS^ LTIt^S 

mmznzm%i. ^z^t^m&^mmmaxi/ 

[0040] m-<?>M%ttb , ^ZO#«#X«i^H<7) 

0, !WtDJIIlW«l*JW»T* 
SO^^-tTL* p^* ? *>?». (MoT. *»i!HfcJ3V^T 
tt, *ZOWIttt*fcJ±*=<^l«fftt. 

loosiatwu. ia»»-2ooa»ii5Tft4<o 

SjS*»^tts 5S4gfl~10 0fi*SB. mziil OS* 

[0041] jmots t mzo^mff xizm^nm 

i WsffctftetfttJMIi, «*tH«K:, L i -c 

o j^ft^bHj i o o mmmztt i , 3 1 5 s 

«gBS«t-r•i.i^^^ftv^. fit. *»fl(c*JV^Il, 

x<r>m z-m&nmnmm ix v^* tz#>,mm 

l X 0 fc^SrWteffl*, WitfL i - C o3M*&84bA 1 
: 0 0m«SUtc*tL. 3**SP~1 OfttgPS^-C't, IE 

' ®%mmfiL?miz+tt%mmm%iZtt i ?x'Z&. z 
: <DKib. l i - c o m-&mtt.m<omntz m&zbtf 

: [0042] fcfc. jEfiSSWM^Xmr&^iMV^f 

{f, ^Uxh77;^nxf-lxy, ^U7-yfl:h'mj-r 
i >\ ^yifi/y, ifvy-rofi/y-yiyl^ 



Wk<ni*<r>mmz'*z>. mux. t/ps-^a. t>v 
[0043] fmmno+vM *y~<xmm£&^x 

[0044] AftWWi, ftSvSWti: LTtt, 
yxf-u>\ xfuy-rnh'i/y-y'iyM'Jv- 

[0 04 5] *^<7)iJf->>A^^ySffitfcViT. m 

JUS-frfcfcOiHStfflSti*. LTU\ LiClO 
4 , L i B F 4 , LiPF 6 . LiAsF 6 , Li Al 
CI, fciV'Li (CF 3 S0 2 ) 2 NlifiK, 

zti^t, ^Tti^mttiii-mtikzwmixm^ 
&zktfv*&. immmbLxii. ifu^-» 

l, 2-v*7t hdfi/x^>, n, N-^f-;i/ 
*MTSh\ f f-7bFo77>, 1. 
7^ 2-^f;l'fh7tKo77V. i/'X^X-T 

f-;l^-sK*- hfc ItfxfvM^/ktf-**- h*»<o 

*- h i: sr^trs^tt^ff * l < . mk^*w&tt 

;>< t^£>jMffft-i>4-- : 5r< fc t-Sfcii^ 

T»i, 2 5ft«%~5 0f^%T'&l>O#W£l-<. 3 
0ft^~3 5f*«%T'fcl>^*U9#2U\ x^P 
Mc^Tti:& B c £Jt* { 4tt«%~2 Oftft 

& 4 L < . 6 1 8 tm%?i> h <r> 
fpX'OUtlW Tttuyti-X^-hizis^Xli. 
iS£Jt# 3 ft8t%~ 1 7 flcBl%T* * c7)*W4 L < . 5 

Wi>i]-if-%>- htCfeOT(ijf t -g-Jt* 5 4 0f«t%£i@ 
i.T 6 0*a%WTTS)l»^*W4 t-< . 4 5tt«%~ 
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s. wmwzmhmkom&ii. o. i~3 

=E/U/U -y h^gJ£#5Si-C#>6 . 
[0046] 

[hmm] ar. mifcmimfx*mizmm)£* 

[0047] HitM 1 

CjEffiOfBKD lEffiSHMtfcfci L i C o 0 2 (Wi 
f518^m (ft*Hf^»HHSALD-3 00 0 JT"ffl 

s> , mmmo. um» /g. 20/ (wsgx 
itsM) : 7. 9) 9is*»fc. rnvtitzm® 

6vm<D®WM$i\&m (MCM B 6-28) 5*ft 

(^7fiy/77?) i«ft»k, A>f yr-fc&l. 
# | j77ftt'-'jf>' (PVdF) 3*»»i:&, N- 
^7 t -;W-2-to»J Hytft=^-t*ftLTX5U-i: 

J § 2 0 m ) OMa±(cM* L , ov ^TBBE 

F SHU 7/l'S-')A?|(^iiiJ)t •) 2 0 mg/ cm 2 
• c?)LiCo0 2 SrlTfSiEfiSr^llLfc. 

[0048] Ctffi^S) mS^Hsff h^&ttttt^m 
IBftftS (^rn^SA'K FM-14) 95MS5 
» fc . tffi^-f >r-k =Sr6sK 'J 7 v-ffct'x ij r y ( p v 
dF) 5fi«gPk, N-^f-/P-2-eny h'y50fi 

t^SfflS (JI^14^m) ^MMtMWL, 

[0049] CWKftoHCU *W»J4, xf-i^y^?- 
^-h (EC) i ifr«%. roeuy*-^-h 

(PC) 9*«%, vXf-;U#-tf*-h (DEC) 4 
I If;Mf/W-t^-h (EMC) 29&m 

: %a ixf*J*+Mi-tf*-Y ( dmc ) 4 7<m.%<r> 

ffl^jfflaaCs LiPF 6 t«W*«lmo l/Lk*&J: 

f [00 50] CUf-^-f*>'-»«ffi<»>ffli3±E'C 
faSLfeEfikftffii:*, ^?L©^yx^^y-,-Ky 

^ SOSffite (^18mm. s$65mm) fclO»L 

-a-. *^BH^y7 c, >A'f^yz»:Sfte^^f^„ 

I [005 1 ] ClWKHJiEtilfetifcl/f-^A-f^ 
) >'Z»1tfft(c-3^TSffl'C3t«*ff*ofc. =5:iJ. 1 6 
0 0 m A<7)^marSEE# { 4 . 2 V£T;ri2Tfir&-?£ 

; a. «wc4. 2v^mffir>tmsrfi : v\ ^7tmwra* { 

tc. ;co- 2 0°CO^#ffl^*-C 1 . 0 C (16 0 0 
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mAh)/2. 5V^7 h*7TmmZ'fr\ *<w&) 

%m%m c%) twxxs. cv) kSrSBgu mm 

VmMMM C%) . WmZWMMB. CV) kL/t^57 
ftLfc. *0>»IL /57 (i01fc|S|«lW 

[ 0 0 5 2 ] fcfc. JS€««* C%) tt, 2 O'OO&Jg 
Tt'lCBc«S:*'yh*7fl:E2. 5VTiT*o^fc# 
<0»«S**10 0%i:UTV^. ttC&ft&ffc 

* C%) fcitf+RWE CV] Kov^t>»ajUfckr 

c%) i±. -2o , ct'<7)ic&m(cfc{ts*-/h^7m 

E(2. 5V) fcSttUbttOftCgJI CmAh) 
2 0XJ"C^)lC»1lC«{t4*'/h*7«E(2. 5 
V) CSBtUfc^iSltS* CmAh] Tffo-t$tf>? 
fPaTOEkL -2 0*CT<Z>1. OCJWtfcJti 

* -y h^yME (2. 5 v ) fci<Bt Lfc k *<r)WMM£. 
CmAh) <05 0%C3tU/Si:*<O»1B** CmAh] 
fc. -tcOfcfcWttltX*^- CmWh) bfrt>*#>X 
OS. 

[00 5 3] HIIW2 

ISffiflrtHc. W4S*U 7 /im, JtaffiflW*0. 1 
6m»/g. 20/ (WBSxit*iffl*) *»7. 40 
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(54) LITHIUM ION SECONDARY BATTERY 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide a 
lithium ion secondary battery, in which the 
reduction of the discharge voltage at the initial 
period in the cryogenic temperature region can be 
restrained. 

b«k cv) | SOLUTION: By using a particle substance of Li- 

Co series complex oxide satisfying equation 
[7<20/(specific surface area * average particle 
size) <9] as a positive electrode active substance, 
and further, by using a mixture of large-sized 
.electrically conductive materials and small-sized 
*e#»* rwelectrically conductive materials as electrically 

conductive materials for positive electrode, which 
are combined in a positive electrode with the 
positive electrode active substance, a lithium ion 
secondary battery is made so that a discharge 
curve (horizontal axis: discharge capacity rate 
[%], vertical axis: discharge voltage [V]) which is 
obtained by 1C discharge in the environment of - 
20°C has a downward curve toward the right side without the minimum value. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The rate of discharge capacity which makes 100% discharge capacity when an 
axis of abscissa performs 1C discharge under a 20-degree C environment, An axis of 
ordinate is the discharge curve which is discharge voltage, and what was obtained by 
performing 1C discharge under the -20-degree C environment The rechargeable lithium- 
ion battery characterized by the discharge capacity by the discharge under a -20 above- 
mentioned degrees C environment being 60% or more of the discharge capacity by the 
discharge under a 20 above-mentioned degrees C environment by the lower right which 
does not have the minimal value serving as a curve of **. 

[Claim 2] The rate of discharge capacity which makes 100% discharge capacity when an 
axis of abscissa performs 1C discharge under a 20-degree C environment, An axis of 
ordinate is the discharge curve which is discharge voltage, and what was obtained by 
performing 1C discharge under the -20-degree C environment It is what has the minimal 
value and the maximal value in order in the increment direction of the rate of discharge 
capacity. In the difference of the minimal value and the maximal value, the difference of 
less than [ 0.1 V ], the minimal value, and the discharge voltage at the time of 0% of rates 
of discharge capacity is less than [ 0.3 V ]. The rechargeable lithium-ion battery 
characterized by the discharge capacity by the discharge under a -20 above-mentioned 
degrees C environment being 60% or more of the discharge capacity by the discharge 
under a 20 above-mentioned degrees C environment. 

[Claim 3] The rate of discharge capacity which makes 100% discharge capacity when an 
axis of abscissa performs 1C discharge under a 20-degree C environment, An axis of 
ordinate is the discharge curve which is discharge voltage, and what was obtained by 
performing 1C discharge under the -20-degree C environment It is what has the first 
maximal value, the minimal value, and the second maximal value in order in the 
increment direction of the rate of discharge capacity. In the difference of the minimal 
value and the second maximal value, the difference of less than [ 0.1V ], the minimal 
value, and the discharge voltage at the time of 0% of rates of discharge capacity is less 
than [ 0.3V ]. The rechargeable lithium-ion battery characterized by the discharge 
capacity by the discharge under a -20 above-mentioned degrees C environment being 
60% or more of the discharge capacity by the discharge under a 20 above-mentioned 
degrees C environment. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a rechargeable lithium-ion battery. 
[0002] 

[Description of the Prior Art] Since rechargeable lithium-ion batteries are a high energy 



consistency and a high voltage compared with a nickel cadmium cell etc., adoption is 
progressing quickly in recent years as a driving source of pocket devices, such as a 
cellular phone and a notebook sized personal computer. Furthermore, it is thought in the 
future that the range of an adoption device spreads. 

[0003] Generally the rechargeable lithium-ion battery has the structure which comes to 
put the separator into which the electrolytic solution was infiltrated with a sheet-like 
positive electrode and a sheet-like negative electrode. A positive electrode and a negative 
electrode prepare the positive-active-material layer or negative-electrode active material 
layer which makes positive active material or a negative-electrode active material come 
to mix electric conduction material, a binder, etc. on charge collectors, such as a metallic 
foil, and are formed. The granular object is used as positive active material and a 
negative-electrode active material. 

[0004] Moreover, in the rechargeable lithium-ion battery, in order that a metal lithium 
may tend to react with water, the nonaqueous type electrolytic solution is used. For this 
reason, a rechargeable lithium-ion battery can discharge also in a temperature field 0 
degree C or less. 
[0005] 

[Problem(s) to be Solved by the Invention] However, when it comes to a very-low- 
temperature field -20 degrees C or less, in the conventional rechargeable lithium-ion 
battery, there is a property that discharge voltage descends rapidly in the phase in early 
stages of discharge, that is, although the discharge curve (axis-of-abscissa: - rate of 
discharge capacity [%] and axis-of-ordinate: - discharge voltage [V]) of a rechargeable 
lithium-ion battery usually becomes what has the minimal value and the maximal value 
in order in the increment direction of the rate of discharge capacity under low 
temperature For example, under the -20-degree C environment, those with 0.5 [V] - 
1 .0[V] extent and the big voltage drop in the phase in early stages of discharge have 
produced the difference of the minimal value and the maximal value for the difference of 
0.3 [V] - 0.5 [V] extent, the minimal value, and the discharge voltage at the time of 0% of 
rates of discharge capacity. 

[0006] Therefore, discharge voltage may be less than the halt electrical potential 
difference set as the device depending on the case, may stop a device, and may carry out 
by the ability not using it practically. Furthermore, this property will bar application to 
the device which may be used also with arctic backgrounds, such as an observation 
device, communication equipment, an electric vehicle, and a stationary-energy- storage 
device, and will narrow future applicability. 

[0007] On the other hand, although it is also possible to make it the temperature of a cell 
not become below fixed by amelioration by the side of devices, such as a device of a cell 
location and installation of the heater for heating, since it leads to the cost rise of a device 
etc., amelioration by the side of a cell is desired. 

[0008] The technical problem of this invention solves the above-mentioned problem, and 
is to offer the rechargeable lithium-ion battery which can control descent of the discharge 
voltage in early stages of discharge in a very-low-temperature field. 
[0009] 

[Means for Solving the Problem] The rechargeable lithium-ion battery of this invention 
has the following description. 

(1) The rate of discharge capacity which makes 100% discharge capacity when an axis of 



abscissa performs 1C discharge under a 20-degree C environment, An axis of ordinate is 
the discharge curve which is discharge voltage, and what was obtained by performing 1C 
discharge under the -20-degree C environment The rechargeable lithium-ion battery 
characterized by the discharge capacity by the discharge under a -20 above-mentioned 
degrees C environment being 60% or more of the discharge capacity by the discharge 
under a 20 above-mentioned degrees C environment by the lower right which does not 
have the minimal value serving as a curve of**. 

[0010] (2) The rate of discharge capacity which makes 100% discharge capacity when an 
axis of abscissa performs 1C discharge under a 20-degree C environment, An axis of 
ordinate is the discharge curve which is discharge voltage, and what was obtained by 
performing 1C discharge under the -20-degree C environment It is what has the minimal 
value and the maximal value in order in the increment direction of the rate of discharge 
capacity. In the difference of the minimal value and the maximal value, the difference of 
less than [ 0.1 V ], the minimal value, and the discharge voltage at the time of 0% of rates 
of discharge capacity is less than [ 0.3V ]. The rechargeable lithium-ion battery 
characterized by the discharge capacity by the discharge under a -20 above-mentioned 
degrees C environment being 60% or more of the discharge capacity by the discharge 
under a 20 above-mentioned degrees C environment. 

[001 1] (3) The rate of discharge capacity which makes 100% discharge capacity when an 
axis of abscissa performs 1C discharge under a 20-degree C environment, An axis of 
ordinate is the discharge curve which is discharge voltage, and what was obtained by 
performing 1C discharge under the -20-degree C environment It is what has the first 
maximal value, the minimal value, and the second maximal value in order in the 
increment direction of the rate of discharge capacity. In the difference of the minimal 
value and the second maximal value, the difference of less than [ 0.1 V ], the minimal 
value, and the discharge voltage at the time of 0% of rates of discharge capacity is less 
than [ 0.3 V ]. The rechargeable lithium-ion battery characterized by the discharge 
capacity by the discharge under a -20 above-mentioned degrees C environment being 
60% or more of the discharge capacity by the discharge under a 20 above-mentioned 
degrees C environment. 
[0012] 

[Embodiment of the Invention] Hereafter, the rechargeable lithium-ion battery of this 
invention is explained to a detail. Drawing 1 - drawing 3 show an example of the 
discharge curve of the rechargeable lithium-ion battery of this invention, respectively. In 
drawing 1 -3, an axis of abscissa shows the rate of discharge capacity [%], and the axis of 
ordinate shows discharge voltage [V]. Under a -20-degree C environment, each discharge 
curve performs 1C discharge, and is obtained. The rate of discharge capacity of an axis of 
abscissa [%] computes the discharge capacity [mAh] when performing 1C discharge 
under a 20-degree C environment as 100%, and shows the rate to this discharge capacity. 
In addition, what is necessary is just to let this discharge capacity be the discharge 
capacity when reaching cut-off voltage, when cut-off voltage is set up at the time of 
discharge. In the example of drawing 1 - drawing 3 , cut-off voltage is set as VF. 
[0013] In the example of drawing 1 , the lower right where a discharge curve does not 
have the minimal value serves as a curve of**, and the rapid voltage drop in early stages 
of discharge is controlled. In the example of drawing 2 , the discharge curve has the 
minimal value and the maximal value in order in the increment direction of the rate of 



discharge capacity, and the voltage drop has occurred in the phase in early stages of 
discharge as usual. However, difference deltaVl of the minimal value and the maximal 
value Difference deltaV2 with discharge voltage in case below 0.1 [V], the minimal 
value, and the rate of discharge capacity are 0% It has become below 0.3 [V] and extent 
of a voltage drop can be said to be small compared with the former. In the example of 
drawing 3 , the discharge curve has the first maximal value, the minimal value, and the 
second maximal value in order in the increment direction of the rate of discharge 
capacity. Also in this case, the voltage drop has occurred in the phase in early stages of 
discharge as usual. However, the difference deltaV2 of discharge voltage in case the rate 
of discharge capacity is 0%, and the minimal value has become below 0.3 [V] below 0.1 
[V], and the difference delta VI of the minimal value and the second maximal value can 
say that extent of a voltage drop is small compared with the former also in this case. 
[0014] Thus, if the rechargeable lithium-ion battery of this invention is used, the rapid 
voltage drop in early stages of discharge in a very-low-temperature field can be 
controlled. As furthermore shown in drawing 1 - drawing 3 , the discharge capacity 
[mAh] by 1C discharge under a -20-degree C environment has turned into 60% or more 
of the discharge capacity [mAh] by 1C discharge under a 20-degree C environment, and 
the fall of the discharge capacity in a very-low-temperature field can also be referred to 
as small. 

[0015] The rechargeable lithium-ion battery of this invention with the discharge curve 
shown in drawing 1 -3 can be obtained by using the mixture of the electric conduction 
material with large size as electric conduction material for positive electrodes and the 
small electric conduction material of size which the product of specific surface area and 
mean particle diameter blends with a positive electrode together with positive active 
material as positive active material using the granular object of the Li-Co system multiple 
oxide which fills the following formula (1). Also in this invention, the positive-active- 
material layer which makes positive active material come to mix the electric conduction 
material and binder for positive electrodes can be prepared on a charge collector, and a 
positive electrode can obtain it. 

7 o=[20/(specific-surface-area x mean particle diameter)] <=9 (formula 1) 
[0016] As a Li-Co system multiple oxide used for positive active material in the 
rechargeable lithium-ion battery of this invention, it is LiCo02. LiA Col-X MeX 02 
What is shown is used preferably. In addition, in the latter, it is desirable 0.05-1.5, and 
that especially A sets to 0.1-1 .1. It is desirable 0.01 to 0.5 and that especially X sets to 
0.02-0.2. As an element Me, 3-10 group element of periodic tables, such as Zr, V, Cr, 
Mo, Mn, Fe, and nickel, and 13-15 group elements, such as B, aluminum, germanium, 
Pb, Sn, and Sb, are mentioned. 

[0017] In order to offer the rechargeable lithium-ion battery of this invention, as 
mentioned above, as a Li-Co system multiple oxide used as positive active material, the 
granular object with which the product of specific surface area and mean particle 
diameter is satisfied of the above-mentioned formula (1) is used. This is because the 
value of 20/(specific-surface-area x mean particle diameter) is less than seven, or the 
electric resistance which originates in an electrode, especially a positive electrode if 
larger than 9 increases and the rapid voltage drop in early stages of discharge is 
promoted. 

[0018] In addition, as for specific surface area and the value of a mean diameter, in the 



rechargeable lithium-ion battery of this invention, it is desirable that especially a mean 
diameter sets 10 micrometers - 25 micrometers to 14 micrometers - 22 micrometers, and 
it is desirable 0.1 m2 / g-0.3m2 / g, and to set especially specific surface area to 0.1 5m2 / 
g-0.25m2 / g. This is because there is a possibility that a lifting and the safety to like may 
be spoiled in an unusual cell reaction as mean particle diameter is less than 10 
micrometers. Moreover, it is because electric resistance will become large and the energy 
density per unit volume of a rechargeable lithium-ion battery will be reduced, if 25 
micrometers is exceeded. Moreover, it is because the cycle property of the charge and 
discharge of a rechargeable lithium-ion battery will be reduced if specific surface area is 
under 0. Im2 / g or exceeds 0.3m2 / g. 

[0019] Measurement of the mean particle diameter of the granular object of a Li-Co 
system multiple oxide can be performed by the following approaches. The granular 
object used as the measuring object is fed into organic liquids, such as water and ethanol, 
a 35kHz - about 40kHz supersonic wave is given to the beginning, and distributed 
processing is performed to it for about 2 minutes. In addition, let the amount of the 
granular object used as the measuring object be the amount from which the laser 
permeability (ratio of the output quantity of light to the amount of incident light) of the 
dispersion liquid after distributed processing becomes 70% - 95%. Next, these dispersion 
liquid are applied to a micro truck grading-analysis meter, and the particle size (Dl, D2, 
D3 ..) of each particle and the existence number (Nl, N2, N3 ...) for every particle size 
are measured by dispersion of laser light. 

[0020] In addition, with the micro truck grading-analysis plan, the particle size 
distribution of a globular form particle group which becomes the theoretical strength 
nearest to the observed dispersion intensity distribution is computed. That is, particles are 
assumed to be the projection image acquired by the exposure of laser light, and a solid 
sphere with the cross-section circle of this area, and this cross-section diameter of circle 
(spherical equivalent diameter) is measured as a particle size. 

[0021] Mean particle diameter (micrometer) is computed by the following formula (2) 
from the particle size (D) of each particle and the existence number (N) for every particle 
size which were obtained above. 

Mean-particle-diameter (micrometer) = (sigmaND3 / sigmaN) 1/3 (formula 2) 
[0022] Moreover, specific surface area of the granular object of a Li-Co system multiple 
oxide can be performed by the gas-phase-adsorption method (one point methodTor BET 
method) which makes nitrogen adsorbent among the adsorption processes indicated by 
178th page - the 184th page of "the ingredient chemistry [Yasuo Arai work, the 9th ** of 
the first edition, the Baifukan (Tokyo) issue, and 1995] of fine particles." 
[0023] Although especially the production approach of the Li-Co system multiple oxide 
which fills the above-mentioned formula (1) is not limited, the following approaches are 
specifically mentioned. As the approach of 1, the lithium compound and cobalt 
compound used as a start raw material are mixed so that the atomic ratio of cobalt and a 
lithium may be set to 1:1 to 0.8: 1 . The mixture under an atmospheric-air ambient 
atmosphere with a temperature of 700 degrees C - 1200 degrees C What it made it react 
by carrying out to heat for 3 hours to 5 hours etc., reacted further, and was made is 
ground, it considers as a granular object, and the method of extracting only what fills the 
above-mentioned formula (1) out of it is mentioned. 

[0024] As other approaches, the approach of heat-treating further the granular object 



which the above ground and was obtained, for example, the method of heating especially 
especially 400 degrees C - 750 degrees C of granular objects under the temperature of 
450 degrees C - about 700 degrees C for 1 hour to about 20 hours for 0.5 hours to 50 
hours, is mentioned. In addition, it is desirable to use the thing in within the limits whose 
mean particle diameter is 10 micrometers - 25 micrometers as a granular object at this 
time. Thus, since specific surface area can be decreased without changing most mean 
particle diameter of a granular object when it heat-treats in a granular object, the Li-Co 
system multiple oxide which fills the above-mentioned formula (1) can be obtained 
easily. 

[0025] Moreover, heat treatment of this granular object can be performed under any 
ambient atmospheres, for example, it can carry out under an atmospheric-air ambient 
atmosphere and inert gas ambient atmospheres, such as nitrogen or an argon. However, 
since there is a possibility that a lithium carbonate may arise and the content of an 
impurity may increase when carbon dioxide gas exists in an ambient atmosphere, it is 
desirable that the partial pressure of carbon dioxide gas carries out under the ambient 
atmosphere below lOmmHg extent. 

[0026] As a lithium compound used as a start raw material, lithium oxide, a lithium 
hydroxide, lithium halide, a lithium nitrate, an oxalic acid lithium, lithium carbonates, 
etc. and such mixture are mentioned. As a cobalt compound, cobalt oxide, cobalt 
hydroxide, halogenation cobalt, a cobalt nitrate, oxalic acid cobalt, cobalt carbonate, etc. 
and such mixture are mentioned. In addition, LiA Co 1 -X MeX 02 What is necessary is 
just to carry out initial-complement addition of the compound of a permutation element at 
the mixture of a lithium compound and a cobalt compound, if the Li-Co system multiple 
oxide shown is manufactured. 

[0027] In order to offer the rechargeable lithium-ion battery of this invention, as 
mentioned above, as electric conduction material for positive electrodes, the mixture of 
the large electric conduction material of size and small electric conduction material is 
used. In this case, the small electric conduction material of size gathers on the particle 
front face of positive active material, and makes this front face conductivity, and the large 
electric conduction material of size enters between the particles of the electric- 
conduction-ized positive active material, and connects between these particles 
electrically. For this reason, the positive active material formed with the ceramic 
ingredient in which conductivity should not be shown will show conductivity, and 
reduces the resistance component of a positive electrode. Therefore, control of the rapid 
voltage drop in early stages of discharge can be aimed at now. 
[0028] There are two modes in the electric conduction material for positive electrodes 
used by this invention by the difference in the configuration of the small electric 
conduction material of size. The first mode is the mixture of the large electric conduction 
material (henceforth "the first electric conduction material") of granular size, and the 
small electric conduction material (henceforth M the second electric conduction materiar) 
of granular size. The second mode is the mixture of the large electric conduction material 
(henceforth "the first electric conduction material") of granular size, and the small electric 
conduction material (henceforth "the third electric conduction material") of fibrous size. 
In addition, although the shape of the shape of a scale, a globular shape, a false globular 
shape, massive, and a whisker etc. is included in "it being granular" as used in the field of 
this invention, it does not limit especially. 



[0029] As first electric conduction material, the carbon material currently conventionally 
used with the rechargeable lithium-ion battery can be used. For example, artificial or 
natural graphites; carbon black, such as acetylene black, oil furnace black, and 
IKUSUTORAKONDAKUTIBU furnace black, is mentioned. In the first electric 
conduction material, graphitized carbon lOnm or more is preferably used [ the face to 
face dimension (d002) of graphites, especially a crystal lattice ] for the microcrystal 
dimension (Lc) of 0.34nm or less and the direction of a c-axis among these carbon 
materials. 

[0030] in addition, the face to face dimension (d002) of a crystal lattice and the 
microcrystal dimension (Lc) of the direction of a c-axis — Japan Society for the 
Promotion of Science - it can measure by law. It explains concretely below. First, an 
agate mortar grinds the high purity silicon for X-ray criteria below to a 325-mesh 
standard sieve, the standard substance is produced, this standard substance and 
graphitized carbon of a device under test are mixed with an agate mortar (it is 10 % of the 
weight of standard substance to 100 % of the weight of graphitized carbon), and the 
sample for X-rays is produced. The sample plate of X-ray diffraction equipment 
(RINT2000 by Rigaku Corp., X line source:CuK alpha rays) is filled up with this sample 
for X-rays at homogeneity. Next, the applied voltage to an X-ray tube is set as 40kV, 
force current is set as 50mA, further, a scanning zone is set 2theta=23.5 degree -29.5 
degree, and 002 carbonaceous peaks and 1 1 1 peaks of the standard substance are 
measured by setting scanning speed to 0.25 degrees / min. Then, the face to face 
dimension (d002) of a crystal lattice and the microcrystal dimension (Lc) of the direction 
of a c-axis are computed from the obtained peak location and its half-value width using 
attached degree-of-graphitization calculating software to above X-ray diffraction 
equipment. 

[0031] If the first electric conduction material is for making good electrical installation of 
the particles of positive active material, therefore is too small, achievement of this 
electrical installation will become difficult. On the other hand, if the first electric 
conduction material is too large, it will bar the closest packing of positive active material. 
Therefore, as first electric conduction material, particle size needs to use a thing 3 
micrometers or more, and it is desirable to use what is 5 micrometers - 25 micrometers. 
Furthermore, in specific surface area, it is desirable to use the thing of lm2 / g-10m2 / g 
especially below 20m2 / g. 

[0032] In addition, the particle size of the first electric conduction material as used in the 
field of this invention means the cross-section diameter of circle (spherical equivalent 
diameter) when assuming the particle which constitutes the first electric conduction 
material to be a solid sphere, and it can measure using a micro truck grading-analysis 
meter like the case of an above-mentioned Li-Co system multiple oxide. 
[0033] A carbon material called carbon black, such as artificial or natural graphites; 
acetylene black, oil furnace black, and IKUSUTORAKONDAKUTIBU furnace black, 
can be used like the first above-mentioned electric conduction material also as second 
electric conduction material. 

[0034] Such an operation will become scarce, if the second electric conduction material is 
for electric-conduction-izing the front face of the particle of positive active material, 
therefore is too large. Therefore, it is desirable that particle size needs to use a thing 2 
micrometers or less, and uses a thing 1 micrometer or less especially as second electric 



conduction material. Furthermore, in specific surface area, it is desirable to use the thing 
15m2/ more than g especially more than 1 0m2 / g. 

[0035] In addition, the particle size of the second electric conduction material as used in 
the field of this invention is also a cross-section diameter of circle (spherical equivalent 
diameter) when assuming the particle which constitutes the second electric conduction 
material to be a solid sphere. Measurement of the particle size of the second electric 
conduction material as well as the case of the first electric conduction material can be 
measured using a micro truck grading-analysis meter. However, when particle size is set 
to less than 1 micrometer, there is an inclination which condensation of a particle 
produces in dispersion liquid. For this reason, when particle size is less than 1 
micrometer, it is good to use an electron microscope. A scale factor is set up and, 
specifically, an electron microscope photograph is taken so that 20 or more particles may 
go into a visual field first. Next, the area of the image of each particle in a photograph is 
computed, and the diameter of circle which has this area from this computed area fUrther 
is computed. The particle which constitutes the second electric conduction material is 
assumed to be a solid sphere with the cross-section circle of this diameter, and this 
diameter turns into particle size of the second electric conduction material. 
[0036] Measurement of the specific surface area of the first electric conduction material 
and the second electric conduction material can be performed like the case of an above- 
mentioned Li-Co system multiple oxide by the gas-phase-adsorption method (one point) 
which makes nitrogen adsorbent. 

[0037] Various carbon fibers can be used as third electric conduction material. 
Specifically, the graphitized-carbon fiber manufactured in vapor growth etc., such as 
carbon fibers and mesophase system graphitized carbon, is mentioned. In addition, a 
carbon fiber may be a straight-line-like thing and may curl in the shape of a loop 
formation, a swirl, and other configurations. 

[0038] Like [ the third electric conduction material ] the second electric conduction 
material, it is for electric-conduction-izing the front face of the particle of positive active 
material, therefore if too large, such an operation will become scarce. Therefore, as third 
electric conduction material, 2 micrometers or less of things 1 micrometer or less are 
preferably used [ an aspect ratio (fiber length/diameter of fiber) ] for 10-50, and the 
diameter of fiber three or more. 

[0039] Particle size can perform measurement of the aspect ratio of the third electric 
conduction material, and the diameter of fiber like the second electric conduction 
material 1 micrometer or less using an electron microscope. A scale factor can be set up, 
an electron microscope photograph can specifically be taken so that 20 or more fiber may 
go into a visual field, and the diameter of fiber and fiber length of each fiber in a 
photograph can be performed by measuring with slide calipers etc. In addition, what is 
necessary is just to perform measurement of fiber length by measuring the minimum 
distance of an end and the other end, if it is the case where fiber is a straight line-like. 
However, what is necessary is to take two points of arbitration which separate mutually, 
to measure this point to point distance, and just to let this be fiber length on fiber, if it is 
the case where fiber is carrying out curl etc. 

[0040] The mixing ratio of the first electric conduction material, and the second electric 
conduction material or the third electric conduction material may have one of too large 
ratios, or if it is too small, it may make the rapid discharge descent in early stages of 



discharge promote. Therefore, as for the second electric conduction material or the third 
electric conduction material, in this invention, it is desirable that it is the 1 weight section 
- 200 weight section to the first electric conduction material 100 weight section. In 
addition, from the point that improvement in conductivity and safety can be aimed at, it is 
especially desirable the 5 weight sections - 100 weight section and that it is 10 weight 
sections - 50 weight section. 

[0041] **** of the amount of the sum total used with the first electric conduction 
material, the second electric conduction material, or the third electric conduction material 
made into 3 weight sections - 15 weight section extent to the Li-Co system multiple oxide 
100 weight section is good as usual. However, in this invention, since two kinds of 
electric conduction material from which size differs is used together, electrical 
installation sufficient between the particles of positive active material can be given also 
with 3 weight sections - 10 weight section extent to the amount used smaller than before, 
for example, the Li-Co system multiple oxide 100 weight section. For this reason, 
weighting of a Li-Co system multiple oxide can be attained, and increase of cell capacity 
can be aimed at. 

[0042] In addition, the same thing as usual can be used as a binder for forming a positive- 
active-material layer. For example, a polytetrafluoroethylene, polyvinylidene fluoride, 
polyethylene, and ethylene-propylene-diene system polymer etc. is mentioned. Moreover, 
the thing same also as a charge collector as usual can be used. For example, a foil, an 
expanded metal, etc. which were formed by aluminum, the aluminium alloy, titanium, 
etc. are mentioned. 

[0043] In the rechargeable lithium-ion battery of this invention, especially a negative 
electrode is not limited and can use the same thing as usual. Therefore, also in this 
invention, the negative-electrode active material layer which makes a negative-electrode 
active material come to mix electric conduction material a binder and if needed can be 
prepared on a charge collector, and a negative electrode can obtain it. 
[0044] Specifically as a negative-electrode active material, the graphitized carbon and the 
carbon fiber which are used conventionally are mentioned. As a binder for forming a 
negative-electrode active material layer, a polytetrafluoroethylene, polyvinylidene 
fluoride, polyethylene, and ethylene-propylene-diene system polymer etc. is mentioned. 
As electric conduction material mixed if needed, a mean diameter is mentioned for a 
natural graphite 5 micrometers or less, an artificial graphite, carbon black, etc. As a 
charge collector, the foil and expanded metal which were formed by copper, nickel, 
silver, stainless steel, etc. are mentioned. 

[0045] In the lithium ion battery of this invention, although especially the electrolytic 
solution is not limited, what dissolved salts in the organic solvent is usually used. As 
salts, they are LiC104, LiBF4, LiPF6, LiAsF6, and LiAlC14. And Li(CF3 S02)2 N etc. is 
desirable, and any one sort or two sorts or more can be used together and used for these. 
As an organic solvent, ethylene carbonate, propylene carbonate, dimethyl carbonate, 
diethyl carbonate, ethyl methyl carbonate, dimethyl sulfoxide, a sulfolane, gamma- 
butyrolactone, 1, 2-dimethoxyethane, N.N-dimethylformamide, a tetrahydrofuran, 1, 3- 
dioxolane, 2-methyl tetrahydrofuran, diethylether, etc. are illustrated, and these can mix 
and use any one sort or two sorts or more. Among those, the mixture which is chosen 
from diethyl carbonate and ethyl methyl carbonate but and which contains ethylene 
carbonate, propylene carbonate, and dimethyl carbonate further including a kind at least 



is desirable, as for the mixing ratio of each component which constitutes this mixture, it 
is desirable that is 25 volume % - 50 volume % for being chosen out of diethyl carbonate 
and ethyl methyl carbonate, and it is [ in / at least / a kind ] more desirable [ a mixing 
ratio ] that it is 30 volume % - 35 volume %. In ethylene carbonate, it is desirable that a 
mixing ratio is four volume % - 20 volume %, and it is more desirable that it is six 
volume % - 18 volume %. In propylene carbonate, it is desirable that a mixing ratio is 
three volume % - 1 7 volume %, and it is more desirable that it is five volume % - 1 5 
volume %. Moreover, in dimethyl carbonate, it is desirable that a mixing ratio is below 
60 volume % exceeding 40 volume %, and it is more desirable that it is 45 volume % - 55 
volume %. in addition, the case where both diethyl carbonate and ethyl methyl carbonate 
are used - these total quantities ~ the above - a mixing ratio shall be filled In addition, L 
is suitable for the concentration of the salts in the electrolytic solution in about 0.1-3 mols 
/. 

[0046] 

[Example] Hereafter, an example is given and this invention is shown concretely. The 
rechargeable lithium-ion battery of this invention was actually produced. 
[0047] The LiCo02 91 (mean-particle-diameter [ of 18 micrometers (Shimadzu SALD- 
3000 J measurement) ], specific surface area of 0.14m 2 / g, 20/(mean-particle-diameter x 
specific surface area):7.9) weight section used as example 1 [production of positive 
electrode] positive active material, The nodular graphite-ized carbon (MCMB 6-28) 5 
weight section with a particle size [ used as electric conduction material ] of 6 
micrometers, Similarly, into the N-methyl-2-pyrrolidone, it distributed to homogeneity 
and the carbon black (KETCHIEN black) 1 weight section with a particle size of 0.1 
micrometers or less and the polyvinylidene fluoride (PVdF) 3 weight section used as a 
binder were made into the slurry. Apply this slurry on both sides of the aluminium foil 
(20 micrometers in thickness) used as a charge collector, it is made to dry, subsequently 
rolling processing is carried out, and they are 20 mg/cm2 per one side of aluminium foil. 
LiCo02 The positive electrode which it has was produced. 

[0048] [Production of a negative electrode] The fibrous graphitized-carbon (mel prong 
MIRUDO FM-14) 95 weight section used as a negative-electrode active material, the 
polyvinylidene fluoride (PVdF) 5 weight section used as a negative-electrode binder, and 
the N-methyl-2-pyrrolidone 50 weight section were mixed and slurred, and both sides of 
the copper foil (thickness of 14 micrometers) used as a charge collector were made to 
apply and dry this slurry. Next, rolling processing was performed to this copper foil, and 
the negative electrode was obtained. 

[0049] [Preparation of the electrolytic solution] The electrolytic solution is LiPF6 to the 
mixed solvent of ethylene car (boat EC) 1 1 volume %, (propylene carbonate PC) 9 
volume %, diethyl carbonate (DEC) 4 volume %, ethyl methyl carbonate (EMC) 29 
volume %, and dimethyl carbonate (DMC) 47 volume %. It was made to dissolve so that 
concentration may serve as 1 mol/L, and prepared. 

[0050] [Assembly of a rechargeable lithium-ion battery] The positive electrode and 
negative electrode which were produced above were ****(ed) through the porous 
polyethylene-polypropylene compound separator, and this was held in the cylindrical cell 
can (the outer diameter of 18mm, height of 65mm). Furthermore, the electrolytic solution 
obtained above was infiltrated into the separator, and the rechargeable lithium-ion battery 
of this invention was obtained. 



[0051] [Spark test] It charged at the room temperature about the rechargeable lithium-ion 
battery obtained above. In addition, after the electrical potential difference charged to 
4.2V by 1600mA constant current, it charged by 4.2V constant voltage continuously, and 
considered as charge termination in the place where all the charging times became in 3.5 
hours. Then, this was left in the -20-degree C atmospheric-air ambient atmosphere for 24 
hours. Next, it discharged by the 1 .0C (1600mAh) / 2.5V cut-off in this -20-degree C 
atmospheric-air ambient atmosphere, and the rate of discharge capacity [%] and 
discharge voltage [V] at that time were measured, and it graph-ized, having used the axis 
of ordinate as discharge voltage [V] by having used the axis of abscissa into the rate of 
discharge capacity [%]. Consequently, the lower right without the minimal value as 
drawing 1 with the same graph (discharge curve) became the graph of **, and the rapid 
voltage drop was not checked. 

[0052] In addition, the rate of discharge capacity [%] makes 100% discharge capacity 
when performing 1C discharge by cut-off voltage 2.5 V under the temperature of 20 
degrees C. Moreover, when computed also about discharge capacity rate of change [%] 
and intermediate voltage [V], the result became as it was shown in Table 1 . The 
discharge capacity [mAh] when reaching the cut-off voltage (2.5 V) in 1C discharge at - 
20 degrees C is broken by discharge capacity [mAh] when reaching the cut-off voltage 
(2.5V) in 1C discharge at 20 degrees C, and discharge capacity rate of change [%] is 
calculating it. It is asking for intermediate voltage from the discharge capacity [mAh] and 
the spark discharge energy at the time [mWh] when reaching 50% of the discharge 
capacity [mAh] when reaching the cut-off voltage (2.5V) in 1.0C discharge at -20 
degrees C. 

[0053] Mean particle diameter used 17 micrometers, specific surface area used 0.16m2/g 
and LiCo02 of 20/(mean-particle-diameter x specific surface area) 7.4 for example 2 
positive active material, and others produced the positive electrode like the example 1 . 
And the rechargeable lithium-ion battery was assembled like the example 1 except using 
this positive electrode. 

[0054] About the above-mentioned rechargeable lithium-ion battery, the spark test was 
performed on the same conditions as an example 1 , and it graph-ized, having used the 
axis of ordinate as discharge voltage [V] by having used the axis of abscissa into the rate 
of discharge capacity [%]. Consequently, the lower right without the minimal value as 
drawing 1 with the same graph (discharge curve) became the graph of **, and the rapid 
voltage drop was not checked. Moreover, like the example 1 , when computed also about 
discharge capacity rate of change [%] and intermediate voltage [V], the result was as 
being shown in Table 1 . 

[0055] Others produced the positive electrode like the example 1, using the nodular 
graphite-ized carbon 5 weight section with a particle size of 8 micrometers and the 
carbon black 1 weight section with a particle size of 0.05 micrometers or less as example 
3 electric-conduction material. And the rechargeable lithium-ion battery was assembled 
like the example 1 except using this positive electrode. 

[0056] About the above-mentioned rechargeable lithium-ion battery, the spark test was 
performed on the same conditions as an example 1 , and it graph-ized, having used the 
axis of ordinate as discharge voltage [V] by having used the axis of abscissa into the rate 
of discharge capacity [%]. Consequently, although the graph (discharge curve) had the 
minimal value (3.77 [V]) and the maximal value (3.85 [V]) in order in the increment 



direction of the same rate of discharge capacity as drawing 2 , in the difference deltaVl 
of the minimal value and the maximal value, the difference deltaV2 of below 0.1 [V], the 
minimal value, and the discharge voltage at the time of 0% of rates of discharge capacity 
became a graph below 0.3 [V], and the rapid voltage drop was not checked. In addition, 
the above delta VI and delta V2 is shown in Table 1. Moreover, like the example 1, when 
computed also about discharge capacity rate of change [%] and intermediate voltage [V], 
the result was as being shown in Table 1 . 

[0057] The negative electrode was produced like the example 1 except having changed 
into 8 weight sections the polyvinylidene fluoride (PVdF) which serves as a negative- 
electrode binder at 92 weight sections in the fibrous graphitized carbon (mel prong 
MIRUDO FM-14) used as an example 4 negative-electrode active material. And the 
rechargeable lithium-ion battery was assembled like the example 1 except using this 
negative electrode. 

[0058] About the above-mentioned rechargeable lithium- ion battery, the spark test was 
performed on the same conditions as an example 1 , and it graph-ized, having used the 
axis of ordinate as discharge voltage [V] by having used the axis of abscissa into the rate 
of discharge capacity [%]. Consequently, although the graph (discharge curve) had the 
minimal value (3.81 [V]) and the maximal value (3.88 [V]) in order in the increment 
direction of the same rate of discharge capacity as drawing 2 , the difference of the 
minimal value and the discharge voltage at the time of 0% of rates of discharge capacity 
became a graph below 0.3 [V] below 0.1 [V], and the rapid voltage drop was not checked 
for the difference deltaVl of the minimal value and the maximal value. In addition, the 
above delta VI and delta V2 is shown in Table 1. Moreover, like the example 1, when 
computed also about discharge capacity rate of change [%] and intermediate voltage [V], 
the result was as being shown in Table 1 . 

[0059] Mean particle diameter used 15 micrometers, specific surface area used 0.15m2/g 
and LiCo02 of 20/(mean-particle-diameter x specific surface area) 8.9 for example 5 
positive active material, the nodular graphite-ized carbon 5 weight section with a particle 
size of 4 micrometers and the carbon black 1 weight section with a particle size of 0.08 
micrometers or less were used for electric conduction material, and others produced the 
positive electrode like the example 1 . Moreover, the negative electrode was produced like 
the example 1 except having changed into 7 weight sections the polyvinylidene fluoride 
(PVdF) which serves as a negative-electrode binder at 93 weight sections in the fibrous 
graphitized carbon (mel prong MIRUDO FM-14) used as a negative-electrode active 
material. And others assembled the rechargeable lithium-ion battery like the example 1 
using this positive electrode and negative electrode. 

[0060] About the above-mentioned rechargeable lithium-ion battery, the spark test was 
performed on the same conditions as an example 1 , and it graph-ized, having used the 
axis of ordinate as discharge voltage [V] by having used the axis of abscissa into the rate 
of discharge capacity [%]. Consequently, although a graph (discharge curve) has the first 
maximal value (3.95 [V]), the minimal value (3.82 [V]), and the second maximal value 
(3.88 [V]) in order in the increment direction of the same rate of discharge capacity as 
drawing 3 The difference deltaV2 of discharge voltage in case below 0.1 [V] and the rate 
of discharge capacity are 0%, and the minimal value became a graph below 0.3 [V], and 
the rapid voltage drop was not checked for the difference deltaVl of the minimal value 
and the second maximal value. In addition, the above delta VI and delta V2 is shown in 



Table 1. Moreover, like the example 1, when computed also about discharge capacity rate 
of change [%] and intermediate voltage [V], the result was as being shown in Table 1. 
[0061] The rechargeable lithium-ion battery was produced like the example 1 except 
having produced the positive electrode, using only nodular graphite-ized carbon (6 
weight sections) with a particle size of 3 micrometers as electric conduction material for 
example of comparison 1 positive electrodes. It discharged on the conditions same also 
about this obtained rechargeable lithium-ion battery as an example 1, and graph-ization 
was performed by making an axis of ordinate into discharge voltage [V], having made the 
axis of abscissa as the rate of discharge capacity [%]. It became the graph which has the 
minimal value and the maximal value in order in the increment direction of a result and 
the rate of discharge capacity [%]. The difference deltaVl of the minimal value and the 
maximal value was 0.33 [V] as shown in Table 1. Moreover, the difference deltaV2 of 
discharge voltage in case 2.80 [V] and the rate of discharge capacity of the minimal value 
are 0%, and the minimal value is 0.30 [V], and the rapid voltage drop was checked. In 
addition, it computed about discharge capacity rate of change [%] and intermediate 
voltage [V] as well as an example 1 (Table 1). 

[0062] The rechargeable lithium-ion battery was produced like the example 1 except 
having produced the positive electrode, using only carbon black (1 weight section) with a 
particle size of 0.1 micrometers as electric conduction material for example of 
comparison 2 positive electrodes. It discharged on the conditions same also about this 
obtained rechargeable lithium-ion battery as an example 1 , and graph-ization was 
performed by making an axis of ordinate into discharge voltage [V], having made the 
axis of abscissa as the rate of discharge capacity [%]. It became the graph which has the 
minimal value and the maximal value in order in the increment direction of the same rate 
of discharge capacity as a result and the example 1 of a comparison [%]. The difference 
deltaVl of the minimal value and the maximal value was 0.28 [V] as shown in Table 1 . 
Moreover, the difference deltaV2 of discharge voltage in case 2.90 [V] and the discharge 
floor area ratio of the minimal value are 0%, and the minimal value is 0.60 [V], and the 
rapid voltage drop was checked like the example 1 of a comparison. In addition, it 
computed about discharge capacity rate of change [%] and intermediate voltage [V] as 
well as an example 1 (Table 1). 

[0063] It is LiCo02 as example of comparison 3 positive active material. The 
rechargeable lithium-ion battery was produced like the example 1 except having 
produced the positive electrode using the system active material (mean-particle-diameter 
[ of 1 8 micrometers ], specific surface area of 0.20m 2 / g (Shimadzu SALD- 3000 J 
measurement), 20/(mean-particle-diameter x specific surface area):5.6) 91 weight 
section. Although discharged on the conditions same also about this obtained 
rechargeable lithium-ion battery as an example 1, it could not discharge about the 
rechargeable lithium-ion battery of this example, and graph-ization was not completed. 
[0064] 
[Table 1] 
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[0065] The result of the above-mentioned table 1 shows that a rapid descent of the 
discharge voltage at the time of very low temperature can be controlled compared with 
the rechargeable lithium-ion battery of the example of a comparison, if the rechargeable 
lithium-ion battery of an example is used. Furthermore, it turns out that the fall of 
discharge capacity [mAh] and intermediate voltage can also be controlled. 
[0066] 

[Effect of the Invention] Thus, if the lithium secondary battery of this invention is used, 
compared with the conventional rechargeable lithium-ion battery, the discharge voltage at 
the time of very low temperature can be stabilized. Therefore, it can be used also as a 
driving source of the device used under low temperature, without performing 
amelioration by the side of a device. By this invention, expansion of the applicability of a 
rechargeable lithium-ion battery can be aimed at. 
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